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Description 

Field of the Invention 

[0001] The present invention relates generally to wire- 5 
less communication systems and more particularly to 
techniques for performing inter-frequency handoffs in 
wireless code division multiple access (CDMA) systems 
and other types of wireless systems. 

Background of the Invention 

[0002] An important issue in IS-95 CDMA cellular and 
Personal Communications Service (PCS) wireless com- 
munication systems involves frequency handoffs be- 
tween adjacent cells or antenna sectors. Each of the cells 
in such a system generally includes a base station, and 
the base station associated with a given cell may include 
an omnidirectional antenna or a multiple-sector direction- 
al antenna for communicating with mobile stations such 
as portable telephone handsets. As a mobile station 
moves throughout the system, its position relative to the 
system base stations changes, such that an ongoing call 
or other communication may need to be handed off from 
one base station to another, or from one antenna sector 
to another. Adjacent base stations and antenna sectors 
are typically configured to utilize different communication 
frequencies in order to minimize effects such as co-chan- 
nel interference. Handoffs from one cell or sector to an- 
other may therefore involve changing the communication 
channel frequency from a current frequency to a new 
frequency. Such handoffs are generally referred to as 
inter-frequency or other-frequency handoffs. 
[0003] A number of techniques have been proposed 
for improving the efficiency and success rate of inter- 
frequency handoffs in IS-95 CDMA systems. These tech- 
niques utilize messages such as Extended Handoff Di- 
rection Messages (EHDMs), Other Frequency Neighbor 
List Messages (OFNLMs), Other Frequency Neighbor 
List Response Messages (OFNLRMs) and Other Fre- 
quency Report Messages (OFRMs) to implement inter- 
frequency handoffs. Although proposed techniques 
based on these messages can reduce the number of call 
drops during a frequency transition, these techniques still 
suffer from a number of drawbacks. For example, the 
OFRM message is presently configured to allow a mobile 
station to report a signal-to-noise measure which is both 
"interference limited" in that it will typically decrease as 
the mobile moves across same-frequency cell bounda- 
ries, and "noise limited" in that it will also decrease as 
the mobile moves across other-frequency cell bounda- 
ries. For a measure which is interference limited, inter- 
ference due to signals generated by other cells is greater 
than the noise level, while for a measure which is noise 
limited, the noise level is greater than the interference 
due to signals generated by other cells. A same-frequen- 
cy cell boundary may be defined by a set of points at 
which the strength of a pilot signal from one cell exceeds 



that of a pilot signal from an adjacent cell, where both 
the pilot signals are at the same frequency. An other- 
frequency cell boundary may be defined as a set of points 
at which a signal from one cell at a designated frequency 
exceeds the strength of a signal from an adjacent cell at 
another frequency by a specified number of decibels. An 
OFRM message which utilizes conventional signal-to- 
noise measures cannot be used to distinguish same-fre- 
quency cell boundaries from other-frequency cell bound- 
aries, and therefore does not provide an optimal trigger 
for inter-frequency handoffs. 

[0004] In addition, the above-noted message-based 
techniques will often involve a base station commanding 
a mobile station to perform a periodic search for a new 
frequency as soon as the mobile station enters into a 
transition area near the edge of a new cell or sector. 
However, this periodic search tends to degrade voice 
quality of an ongoing call, while also reducing the speed 
of the search for new potential base stations at the current 
frequency. Moreover, in many practical applications, this 
periodic search for a new frequency can be unnecessary 
if the mobile is operating under certain types of radio 
frequency (RF) conditions. Yet another significant prob- 
lem with the above-noted techniques is that the tech- 
niques may increase the likelihood of "ping-ponging" or 
rapid switching between the new frequency and the cur- 
rent frequency. More particularly, it may be possible in 
some areas of the system that both the new frequency 
and the current frequency will have good RF coverage, 
which could lead to ping-ponging if, for example, the mo- 
bile station reports the received power and signal-to- 
noise measure for only the new frequency. 
[0005] International (PCT) patent publication WO 
95/1 2297 and United Kingdom published patent applica- 
tion GB-A-2313740 disclose conventional handoff proc- 
esses and trigger metrics. It is known from GB-A- 
2313740 to provide a method of controlling a frequency 
handoff in a wireless communication system in which a 
mobile station communicates with one or more base sta- 
tions, the method comprising the steps of: 

generating a trigger metric; and 

utilizing the trigger metric to control a handoff from 

a current frequency to a new frequency in an ongoing 

call. 

Summary of the Invention 

[0006] The present invention is characterised over the 
disclosure of GB-A-231 3740 in that said trigger metric is 
generated as a function of an average transmit signal- 
to-noise measure for a plurality of pilot signals and a sum 
of the signal-to-noise measures for at least a subset of 
the plurality of pilot signals. 

Summary of the invention 

[0007] In accordance with a first aspect of the inven- 
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tion, a noise-limited coverage trigger is provided which 
may be used to distinguish between same-frequency cell 
boundaries, which are generally interference limited, and 
other-frequency cell boundaries, which are generally 
noise limited. The coverage trigger is used to control in- 5 
ter-frequency handoffs, and can be implemented using 
signal-to-noise measurements performed in a mobile 
station. In an illustrative embodiment, the coverage trig- 
ger may be generated as the difference between the av- 
erage transmit signal-to-noise measure for all significant 
pilots and the linear sum of significant pilot signal-to- 
noise measures reported in a Power Measurement Re- 
port Message (PMRM) or Pilot Strength Measurement 
Message (PSMM) transmitted from the mobile station. 
[0008] Alternative embodiments may utilize the mobile 
receive power alone as a trigger metric. For example, a 
measure of mobile receive power incorporated into a 
PSMM can be used to trigger a handoff to another fre- 
quency using a "database" approach. In this approach, 
when the mobile receive power in a given cell becomes 
small and the mobile sees primarily border cell pilots, a 
particular pilot is selected from a list of neighbor pilots 
stored in a database for that cell, and the mobile is in- 
structed to perform a "blind" handoff to the selected pilot 
at the new frequency. In this manner, a mobile can be 
instructed to perform a handoff to a new frequency with- 
out taking any pilot Ec/lo measurements at the new fre- 
quency. The mobile receive power can also be used in 
the mobile to filter periodic reports. For example, the mo- 
bile may only make PSMM reports when the mobile re- 
ceive power drops below a threshold, which may be spec- 
ified by the current cell site. 

[0009] Other aspects of the invention provide alterna- 
tive techniques for controlling inter-frequency handoffs 
in a wireless communication system. These techniques 
can substantially eliminate unnecessary periodic search- 
es in a frequency transition area, while also reducing the 
likelihood of ping-ponging between a current frequency 
and a new frequency. In an illustrative embodiment, the 
invention involves adding additional field parameters to 
an Extended Handoff Direction Message (EHDM) of an 
IS-95 CDMA system. The additional field parameters in- 
clude one or more thresholds which ensure that a mobile 
station initiates a search for a new frequency, for exam- 
ple, only if its received power at the current frequency is 
lower than a certain threshold, or if a sum of signal-to- 
noise values for its active pilot signals at the current fre- 
quency is less than a certain threshold. The mobile can 
also be configured to operate such that if the received 
power atthe newfrequency does not exceed the received 
power at the current frequency by a designated hyster- 
esis amount, then a search is not performed in the new 
frequency. The invention thus provides additional check- 
ing criteria for use in inter-frequency handoffs to ensure 
that unnecessary tuning and search in the newfrequency 
is avoided. 

[001 0] Further improvements can be provided in inter- 
frequency handoffs in other illustrative embodiments of 



the invention. For example, a mobile station in an area 
in which a transition is to be made from a current fre- 
quency to a new frequency is configured to report re- 
ceived power and signal-to-noise values for both the new 
frequency and the current frequency. If these values in- 
dicate that the mobile station is operating under accept- 
able RF conditions at the current frequency, there is no 
need to perform an inter-frequency handoff. This aspect 
of the invention can substantially reduce the likelihood 
of ping-ponging between the current and new frequen- 
cies, as compared to the conventional inter-frequency 
handoff techniques noted above. 

Brief Description of the Drawings 

[0011] 

FIG. 1 shows an exemplary code division multiple 
access (CDMA) wireless communication system in 
which inter-frequency handoffs in accordance with 
the invention may be implemented. 
FIG. 2 is a block diagram showing an exemplary mo- 
bile station which can perform inter-frequency hand- 
offs in accordance with the invention. 
FIGS. 3A and 3B show a flow diagram illustrating a 
frequency handoff process which may be imple- 
mented in the mobile station of FIG. 2 in accordance 
with one aspect of the invention. 

Detailed Description of the Invention 

[0012] The present invention will be illustrated below 
in conjunction with an exemplary IS-95 code division mul- 
tiple access (CDMA) wireless communication system. It 
should be understood, however, that the invention is not 
limited to use with any particular type of communication 
system, but is instead more generally applicable to any 
wireless system in which it is desirable to provide im- 
proved performance for frequency handoffs. For exam- 
ple, although the techniques are illustrated with reference 
to the IS-95 CDMA cellularandpersonalcommunications 
service (PCS) systems, it will be apparent to those skilled 
in the art that the techniques are also applicable to other 
CDMA systems, as well as to other types of wideband 
and narrowband wireless systems. The term "primary 
base station" as used herein refers generally to a base 
station communicating directly with a given mobile sta- 
tion, such as the base station handling an on-going call 
forthe mobile station. The term "current frequency" refers 
generally to the channel frequency used by a mobile sta- 
tion for an ongoing call or other communication. The term 
"new frequency" refers to a potential channel frequency 
to which an ongoing call or other communication may be 
handed off as the mobile station moves within the wire- 
less system. 

[001 3] FIG. 1 shows an exemplary cellular or personal 
communication services (PCS) system 10. The system 
1 0 is configured in accordance with TIA/EIA/IS-95A, "Mo- 
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bile Station - Base Station Compatibility Standard for Du- 
al-Mode Wideband Spread Spectrum Cellular System," 
June 1996, and ANSI J-STD-008, "Personal Station - 
Base Station Compatibility Requirements for 1 .8 to 2.0 
GHz Code Division Multiple Access (CDMA) Personal 5 
Communication Systems," both of which are incorporat- 
ed by reference herein. The system 1 0 includes a mobile 
station (MS) 12 and a number of base stations BS 1, 
BS2, BS3 and BS4. The base station BS1 of FIG. 1 rep- 
resents a primary base station, communicating with mo- 
bile station 12 via the path designated by solid two-way 
arrow 24, while the surrounding base stations BS2, BS3 
and BS4 may serve as secondary base stations which 
can detect signals transmitted via the paths indicated by 
dashed one-way arrows 26. The primary base station BS 
1 communicates with the mobile station 1 2 using CDMA 
techniques described in the above-cited standards doc- 
uments. As the mobile station 1 2 moves within the system 
10, handoffs occur, such that base stations other than 
BS1 become primary base stations for communicating 
with the mobile station 12. The system 1 0 in this illustra- 
tive embodiment also includes first and second mobile 
switching centers (MSCs) 14-1 and 14-2. A given MSC 
typically connects several BSs with a public switched tel- 
ephone network (PSTN) 1 6. Forexample, MSC 1 4-1 con- 
nects base stations BS1 and BS2 with the PSTN 1 6 and 
MSC 1 4-2 connects base stations BS3 and BS4 with the 
PSTN 16. The system 10 also includes a memory 18 
having a number of registers including a home location 
register (HLR) 20 and a visitor location register (VLR) 22. 
The HLR 20 and VLR 22 store user data and billing in- 
formation for each mobile station 12 of the system 1 0. 
[0014] FIG. 2 shows a more detailed view of the mobile 
station 1 2. The mobile station 1 2 includes an antenna 32 
which receives signals from and transmits signals to base 
stations of the system 1 0. A receive signal is directed by 
a diplexer filter 33 to an input of a receiver 34 which may 
implement conventional downconversion, demodulation, 
digital-to-analog conversion and other processing of the 
receive signal. A transmitter 35 performs complementary 
operations such as analog-to-digital conversion, modu- 
lation and upconversion to generate a transmit signal 
which is directed via diplexer 33 to the antenna 32 for 
transmission. A processor 36 is coupled to both the re- 
ceiver 34 and the transmitter 35. The processor 36 op- 
erates in conjunction with a memory 38 to control the 
communication functions of the mobile station 12. For 
example, data or other information in messages which 
are part of a receive signal may be supplied to processor 
36 such that processor 36 can implement the process 
steps to be described in conjunction with FIGS. 3A and 
3B below. The processor 36 may also perform receive 
signal power and signal-to-noise measurements, and 
generate messages which are incorporated into the 
transmit signal for transmission to one or more base sta- 
tions. 

[001 5] A first aspect of the invention relates to a noise- 
limited coverage trigger which, unlike conventional inter- 
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frequency handoff triggers, may be used to distinguish 
between "interference-limited" same-frequency cell 
boundaries, and "noise-limited" other-frequency cell 
boundaries. The coverage trigger is used to control inter- 
frequency handoffs, and can be implemented using sig- 
nal-to-noise measurements performed in a mobile sta- 
tion. As will be described in greater detail below, an ex- 
emplary coverage trigger in accordance with the inven- 
tion may be generated as the difference between the 
average transmit signal-to-noise measure for all signifi- 
cant pilots and the linear sum of significant pilot signal- 
to-noise measures reported in otherwise conventional 
Power Measurement Report Message (PMRM) or Pilot 
Strength Measurement Message (PSMM) transmitted 
from the mobile station. For example, an exemplary trig- 
ger metric Tn in accordance with the invention may be 
defined as: 



Tn = Fe - Es 



where Fe is the average transmit Ec/lo value in dB for all 
significant pilots, and Es is the linear sum of all significant 
pilot Ec/lo values reported in the PMRM or PSMM mes- 
sages from the mobile station. The term "significant pi- 
lots" refers generally to pilots which are no less than X 
dB below the largest pilot as measured at the mobile, 
where X may be approximately six or another suitable 
value. An Ec/lo value for a given pilot is a measure of the 
ratio of signal energy to interference plus noise at the 
pilot frequency. A typical handoff threshold for Tn might 
be between about 3 dB and 5 dB. 
[001 6] This portion of the description will utilize the no- 
tational convention that values expressed in logarithmic 
quantities (i.e., dB) begin with an uppercase character, 
while values expressed in linear quantities begin with a 
lower case character. For example, the average fraction 
fe of transmit power in the pilots may be expressed as 
fe = 1 0 Fe/1 °. The fraction fe is given by: 



fe = Z(e)fl(eJf) 

where eis a sorted (1 , n) vectorcontaining all Ec/lo values 
for the significant pilots, f is a (1 , n) vector of all transmit 
Ec/lo values corresponding to the elements of e, n is the 
number of significant pilots as seen from the mobile sta- 
tion, and e./f is an operation which divides each element 
of e by the corresponding element in f. If e and / have a 
length of 1 then fe = f. The vector fof transmit Ec/lo values 
may be expressed as: 
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where gp is a (1 , n) vector of pilot gain settings for each 
cell site corresponding to the elements of e, ga and gs 
are (1, n) vectors of page and sync channels in digital 
gain units (DGUs), gv is an (m, n) matrix of voice channel 
gains, and Z() applied to an (m, n) matrix sums the col- 
umns to yield a (1, n) vector The above-noted linear sum 
of Ec/lo values is then given by: 



[0017] The computation of the trigger metric Tn can be 
repeated periodically, such as about every two to five 
seconds, when the mobile station is in a frequency tran- 
sition area. The computed metric is used to determine 
whether an inter-frequency handoff should take place. 
For example, a trigger metric having a value which ex- 
ceeds a threshold may be used to indicate the need for 
a particular inter-frequency handoff. Unlike conventional 
handoff triggers, the above-described trigger is able to 
distinguish same-frequency cell boundaries from other- 
frequency cell boundaries, and is therefore particularly 
well suited for use in controlling inter-frequency handoffs. 
[0018] Alternative embodiments of the invention may 
utilize a handoff trigger which is based on mobile receive 
power alone. For example, a measure of mobile receive 
power incorporated into a PSMM can be used to trigger 
a handoff to another frequency using an approach based 
on neighbor information stored in a database. A handoff 
which utilizes this approach may be initiated when the 
mobile receive power in a given cell becomes small and 
the mobile sees primarily border cell pilots. A border cell 
may be characterized as a cell which is missing some 
neighbors on the same frequency. A particular pilot is 
selected from a list of neighbor pilots stored in a database 
for the given cell, and the mobile is instructed to perform 
a "blind" handoff to the selected pilot at the new frequen- 
cy. In this manner, a mobile can be instructed to perform 
a handoff to a new frequency without taking any pilot 
Ec/lo measurements at the new frequency. The mobile 
receive power can also be used in the mobile to filter 
periodic reports. For example, the mobile may only make 
PSMM reports when the mobile receive power drops be- 
low a threshold, which may be specified by the current 
cell site. 

[0019] FIGS. 3A and 3B show a flow chart which illus- 
trates an inter-frequency handoff process in accordance 
with another aspect of the invention, as carried out by 
mobile station 12 of system 10 in a frequency transition 
area. The frequency transition area may be, for example, 
an area in which the mobile station 1 2 is approaching the 
vicinity of one or more base stations while maintaining 
an ongoing call or other communication with a primary 
base station. Step 40 of FIG. 3A indicates that the mobile 
station 12 is communicating with a base station over a 
CDMA traffic channel. The mobile station 12 in step 42 
receives an Other Frequency Neighbor List Message 



(OFNLM) from a base station, in step 44 sends out an 
Other Frequency Neighbor List Response Message (OF- 
NLRM) in response to the OFNLM message, and in step 
46 receives an Extended Handoff Direction Message 

5 (EHDM). The OFNLM, OFNLRM and EHDM are de- 
scribed in detail in the above-cited IS-95 standard doc- 
ument, and provide information regarding inter-frequen- 
cy handoff in the CDMA system 10. 
[0020] In steps 48 and 50, the mobile station 12 checks 

10 whether the received power at the current frequency uti- 
lized by the CDMA traffic channel is greaterthan athresh- 
oldMIN_RX_PWR_CURR,andwhetherthesumof Ec/lo 
values for the active pilots is greater than a threshold 
MIN_SUM_ECIO_CURR. If either of these checks is not 

is passed, the process moves to step 52 in which the mobile 
station tunes to a new frequency in order to explore a 
potential handoff opportunity. If both of the checks of 
steps 48 and 50 are passed, then the operation of tuning 
to the new frequency in step 52 is not performed since 

20 the mobile station is under acceptable RF conditions at 
the current frequency. Acceptable RF conditions maybe 
defined as conditions such that the mobile received Ec/lo 
value is within Y dB of the transmit Ec/lo value, where Y 
is typically 3 or less. The checks of steps 48 and 50 help 

25 to eliminate the unnecessary tuning and searching op- 
erations typically associated with conventional inter-fre- 
quency handoff techniques. 

[0021] If either of the checks of steps 48 and 50 are 
not passed, such that the mobile station tunes to a new 

30 frequency in step 52 to explore a potential handoff op- 
portunity, the mobile station then in step 54 checks 
whether the received power at the new frequency is 
greater than a threshold MIN_RX_PWR_NEWF. The 
mobile station in step 56 also checks whether the differ- 

35 ence between the received power at the new frequency 
andthe received powerat the current frequency is greater 
than a threshold HYSTERESIS_RX_PWR. This check 
serves to further reduce the likelihood that unnecessary 
tuning and searching operations will be carried out, while 

40 also reducing ping-ponging between the current and new 
frequencies. If either of the checks in steps 54 and 56 is 
not passed, then the mobile station in step 55 tunes back 
to the current frequency, and sends an Other Frequency 
Report Message (OFRM) which reports the following 

45 measurements: (1 ) the received power at the current fre- 
quency (RX_PWR_CURR); (2) the received power at the 
newfrequency (RX_PWR_NEWF); and (3) the Ec/lo val- 
ues of all active pilots measured at the new frequency. 
The Ec/lo value for a given pilot is a measure of the signal 

50 energy of that pilot to the noise plus interference at the 
pilot frequency. Other types of signal-to-noise measures 
may also be used. 

[0022] If both of the checks in steps 54 and 56 are 
passed, then the mobile station performs a search for a 
55 new active set of frequencies and/or a neighbor list for 
the new frequency. In step 58, a determination is made 
as to whether the new active set is empty. If the new 
active set is empty, the mobile station searches in step 
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59 for other flagged pilots in the OFNLM message re- 
ceived in step 42. Additional details regarding this type 
of searching in an IS-95 CDMA system can be found in 
the above-cited IS-95 standard document and, for exam- 
ple, E. Tiedemann and T. Chen, "Inter-Frequency Hard 5 
Handoff Improvements (Rev. 2)," Qualcomm contribu- 
tion toTR45.5, TR45.5.3. 1/97.03.20.02, March 20, 1 997, 
and P. Jain et al., "Proposed IS-95-B Text for Inter-Fre- 
quency Hard Handoff Improvements," Qualcomm con- 
tribution to TR45.5/97.03.20.03, March 17-21, 1997, 
which are incorporated by reference herein. 
[0023] If the new active set is not empty, the mobile 
station in step 60 checks whether the sum of Ec/lo values 
for all of the active pilots in the new active set is greater 
than a threshold MIN_SUM_ECIO_NEWF. If the check 
of step 60 is not passed, the process goes to step 59 to 
search for other flagged pilots in the OFNLM message. 
If the check of step 60 is passed, the mobile station in 
step 62 uses the new active set while also searching for 
other flagged pilots in the OFNLM message. A determi- 
nation is made in step 64 as to whetherthe mobile station 
has received a "good" frame within a designated waiting 
period MAX_WAIT. A good frame is generally one in 
which substantially all of the bits in the frame have been 
received correctly. If a good frame is received within the 
MAX_WAIT period, the mobile station in step 66 com- 
pletes the inter-frequency handoff by sending an HCM, 
and continues the ongoing call on the new frequency. 
[0024] If a good frame is not received within the MAX_ 
WAIT period in step 64, or after the search for other pilots 
in step 59 is commenced, the process moves to step 70 
of FIG. 3B. If the search for other pilots is determined in 
step 70 to be the first search after receipt of the EHDM 
in the mobile station, the mobile station in step 71 tunes 
back to the current frequency, and sends an OFRM which 
reports the following measurements: (1) the received 
power at the current frequency (RXJPWR_CURR); (2) 
the received power at the new frequency (RX_PWR_ 
NEWF); (3) the Ec/lo values of all active pilots at the 
current frequency; and (4) the Ec/lo values of all active 
pilots at the new frequency. Providing this information in 
the OFRM ensures that the base station will have better 
control on the handoff trigger. Step 71 is also performed 
if an "always report" condition is determined to exist in 
step 72, or if the sum of the Ec/lo values of the flagged 
pilots in the OFNLM message is greater than a threshold 
MIN_SUM_ECIO_NEWF in step 74. In the "always re- 
port" condition, a flag will be set which tells the mobile to 
send an OFRM regardless of whether or not the sum of 
the new frequency pilots is above a threshold. If none of 
the conditions in steps 70, 72 and 74 are met, the mobile 
station tunes back to the current frequency in step 76, 
and then continues the call at the current frequency, as 
shown in step 78. 

[0025] As noted previously, if both of the checks of 
steps 48 and 50 are passed, then the tuning to the new 
frequency in step 52 is not performed since the mobile 
station is under acceptable RF conditions at the current 



frequency. The process instead moves to step 80 of FIG. 
3B. If step 80 indicates that the process is on its first 
search for other flagged pilots after receipt of the EHDM 
in the mobile station, the mobile station in step 82 sends 
an OFRM which reports the following measurements: (1 ) 
the received power at the current frequency (RX_PWR_ 
CURR); and (2) the Ec/lo values of all active pilots at the 
current frequency. 

[0026] A determination is then made in step 84 as to 
whether periodic search is to be performed. Performance 
of periodic search may be specified by a flag which is set 
to indicate that the mobile will search the new frequency 
periodically without further instructions to search. If pe- 
riodic search is not being performed, the mobile station 
continues the call at the current frequency as shown in 
step 86. If periodic search is being performed, the mobile 
station continues the call at the current frequency as 
shown in step 78, as long as step 88 indicates that the 
current time modulo the designated search period is not 
equal to zero. When the time modulo the search period 
is equal to zero in step 88, the process returns to step 
48 of FIG. 3A. Step 84 and its subsequent operations are 
also performed if either of the checks in steps 54 and 56 
is not passed, after the mobile station in step 55 tunes 
back to the current f req uency and sends the above-noted 
OFRM reporting RX_PWR__CURR, RX_PWRJ\IEWF 
and the Ec/lo values of all active pilots measured at the 
new frequency. 

[0027] The inter-frequency handoff process described 
above in conjunction with FIGS. 3A and 3B may be im- 
plemented by altering otherwise conventional IS-95 EH- 
DM and OFRM to include a number of additional fields 
for providing the above-noted thresholds. For example, 
theEHDMmaybemodifiedto includethethresholdMIN_ 
RX_PWR_CURR used in step 48, the threshold MIN_ 
SUM_ECIO_CURR used in step 50, and the threshold 
HYSTERESIS_RX_PWR used in step 56. The OFRM 
could be modified such that it includes fields for meas- 
urements such as RX_PWR_CURR, RX_PWR_NEWF, 
the Ec/lo values of all active pilots at the current frequen- 
cy, and the Ec/lo values of all active pilots at the new 
frequency, as shown in step 71. The inter-frequency 
handoff process of FIGS. 3A and 3B can thus be imple- 
mented using simple modifications to message formats 
in conjunction with appropriate programming of software, 
firmware or hardware in processor 36 and memory 38 of 
the mobile station 12. 

[0028] The foregoing description of the invention is in- 
tended to be illustrative only. For example, it should be 
noted that the EHDM, OFRM and other messages uti- 
lized in the above description are exemplary only, and 
the inter-frequency handoff techniques of the invention 
may be incorporated using other types of messages or 
signaling and with other types of wireless systems. In 
addition, the Ec/lo measurements reported by a mobile 
station may be replaced with other types of signal-to- 
noise measurements or mobile received power meas- 
urements. These and numerous other alternative em- 
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bodiments within the scope of the following claims will 
be readily apparent to those skilled in the art. 

Claims 

1. A method of controlling a frequency handoff in a wire- 
less communication system (10) in which a mobile 
station (12) communicates with one or more base 
stations (BS1 , BS2, BS3, BS4), the method compris- 
ing the steps of: 

generating a trigger metric; and 
utilizing the trigger metric to control a handoff 
from a current frequency to a new frequency in 
an ongoing call; CHARACTERIZED IN THAT 
said trigger metric is generated as a function of 
an average transmit signal-to-noise measure for 
a plurality of pilot signals and a sum of the signal- 
to-noise measures for at least a subset of the 
plurality of pilot signals. 

2. A method as claimed in claim 1 wherein the trigger 
metric is generated as the difference between an 
average transmit signal-to-noise measure for the 
plurality of pilot signals and a linear sum of pilot sig- 
nal-to-noise measures for the plurality of pilot sig- 
nals. 

3. A method as claimed in claim 1 wherein the signal- 
to-noise measures are generated in the mobile sta- 
tion (12) and included in messages transmitted from 
the mobile station. 

4. A method as claimed in claim 3 wherein the system 
is an IS-95 CDMA system and the messages trans- 
mitted from the mobile station (12) include at least 
one of a Power Measurement Report Message (PM- 
RM) and a Pilot Strength Measurement Message 
(PSMM). 

5. A method as claimed in claim 1 wherein the trigger 
metric is configured so as to distinguish same-fre- 
quency cell boundaries from other-frequency cell 
boundaries. 

6. Apparatus for use in controlling frequency handoffs 
in a wireless communication system (10) in which a 
mobile station (12) communicates with one or more 
base stations (BS1, BS2, BS3, BS4), the apparatus 
comprising: 

a processor (36) for generating a trigger metric; 
and 

a memory (38) for at least temporarily storing a 
representation of the trigger metric, such that 
the trigger metric is used to control a handoff 
from a current frequency to a new frequency in 



an ongoing call in the system; CHARACTER- 
IZED IN THAT 

said processor is adapted to generate the trigger 
metric as a function of an average transmit sig- 
5 nal-to-noise measure for a plurality of pilot sig- 

nals and a sum of the signal-to-noise measures 
for at least a subset of the plurality of pilot sig- 
nals. 

10 7. Apparatus as claimed in claim 6 wherein the trigger 
metric is generated as the difference between an 
average transmit signal-to- noise measure for the 
plurality of pilot signals and a linear sum of pilot sig- 
nal-to-noise measures for the plurality of pilot sig- 

f5 nals. 

8. Apparatus as claimed in claim 6 wherein the signal- 
to-noise measures are generated in the mobile sta- 
tion (12) and included in messages transmitted from 

20 the mobile station. 

9. Apparatus as claimed in claim 8 wherein the system 
is an IS-95 CDMA system and the messages trans- 
mitted from the mobile station (12) include at least 

25 one of a Power Measurement Report Message (PM- 
RM) and a Pilot Strength Measurement Message 
(PSMM). 

10. Apparatus as claimed in claim 6 wherein the trigger 
30 metric is configured so as to distinguish same-fre- 
quency cell boundaries from other-frequency cell 
boundaries. 



35 Patentanspruche 

1. Verfahren zur Steuerung eines Frequenzweiterrei- 
chens in einem drahtlosen Kommunikationssystem 
(1 0), in welchem eine Mobilstation (12) mit einer oder 

40 mehreren Basisstationen (BS1, BS2, BS3, BS4) 
kommuniziert, wobei das Verfahren die folgenden 
Schritte umfasst: 

- Erzeugen einer Triggermetrik und 
45 - Verwenden der Triggermetrik zur Steuerung 

eines Weiterreichens einer Verbindung von ei- 
ner aktuellen Frequenz zu einer neuen Fre- 
quenz wahrend eines laufenden Gesprachs, 
dadurch gekennzeichnet, dass 
50 - die Triggermetrik in Abhangigkeit von einer 

mittleren Sendesignal-Rauschmessung fur 
mehrere Pilotsignale und einer Summe der Si- 
gnal-Rauschmessungen fur mindestens eine 
Untermenge der mehreren Pilotsignale erzeugt 
55 wird. 

2. Verfahren nach Anspruch 1 , wobei die Triggermetrik 
als die Differenz zwischen einer mittleren Sendesi- 
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gnal-Rauschmessung fur die mehreren Pilotsignale 
und einer linearen Summe von Pilotsignal-Rausch- 
messungen fur die mehreren Pilotsignale erzeugt 
wird. 

3. Verfahren nach Anspruch 1, wobei die Signal- 
Rauschmessungen in der Mobilstation (12) erzeugt 
und in von der Mobilstation gesendete Meldungen 
eingebunden werden. 

4. Verfahren Anspruch 3, wobei das System ein IS-95 
CDMA-System ist und die von der Mobilstation (12) 
gesendeten Meldungen mindestens eine Power 
Measurement Report Message PMRM (Berichts- 
meldungzurLeistungsmessung) und/odereine Pilot 
Strength Measurement Message PSMM (Messwert- 
meldung zur Pilotsignalstarke) umfassen. 

5. Verfahren nach Anspruch 1 , wobei die Triggermetrik 
derart konfiguriert ist, dass Zellengrenzen gleicher 
Frequenz von Zellengrenzen anderer Frequenz un- 
terschieden werden. 

6. Gerat zum Einsatz bei der Steuerung von Frequen- 
zweiterreichungen in einem drahtlosen Kommunika- 
tionssystem (10), in welchem eine Mobilstation (12) 
mit einer Oder mehreren Basisstationen (BS1 , BS2, 
BS3, BS4) kommuniziert, wobei das Gerat umfasst: 

- einen Prozessor (36) zur Erzeugung einerTrig- 
germetrik und 

- einen Speicher (38) zur mindestens tempora- 
ren Speicherung einer Darstellung der Trigger- 
metrik in einer Weise, dass die Triggermetrik zur 
Steuerung eines Weiterreichens einer Verbin- 
dung von eineraktuellen Frequenz zu einer neu- 
en Frequenz wahrend eines laufenden Ge- 
sprachs im System benutzt wird, dadurch ge- 
kennzeichnet, dass 

- der Prozessor angepasst ist, urn die Trigger- 
metrik in Abhangigkeit von einer mittleren Sen- 
designal-Rauschmessung fiir mehrere Pilotsi- 
gnale und einerSummederSignal-Rauschmes- 
sungen fur mindestens eine Untermenge der 
mehreren Pilotsignale erzeugt wird. 

7. Gerat nach Anspruch 6, wobei die Triggermetrik als 
die Differenz zwischen einer mittleren Sendesignal- 
Rauschmessung fur die mehreren Pilotsignale und 
einer linearen Summe von Signal-Rauschmessun- 
gen fur die mehreren Pilotsignale erzeugt wird. 

8. Gerat nach Anspruch 6, wobei die Sendesignal- 
Rauschmessungen in der Mobilstation (12) erzeugt 
und in von der Mobilstation gesendete Meldungen 
eingebunden werden. 

9. Gerat nach Anspruch 8, wobei das System ein IS- 



95 CDMA-System ist und die von der Mobilstation 
(12) gesendeten Meldungen mindestens eine Power 
Measurement Report Message PMRM (Berichts- 
meldung zur Leistungsmessung) und/oder eine Pilot 
5 Strength Measurement Message PSMM (Messwert- 
meldung zur Pilotsignalstarke) umfassen. 

1 0. Gerat nach Anspruch 6, wobei die Triggermetrik der- 
art konfiguriert ist, dass Zellengrenzen gleicher Fre- 
io quenz von Zellengrenzen anderer Frequenz unter- 
schieden werden. 



Revendications 

15 

1. Procede de commande d'un transfert intercellulaire 
de frequence dans un systeme de communication 
sans fil (1 0) dans lequel une station mobile (1 2) com- 
munique avec une ou plusieurs stations de base 

20 (BS1, BS2, BS3, BS4), le procede comprenant les 
Stapes de : 

generation d'une metrique de declencheur ; et 
utilisation de la metrique de declencheur pour 
25 commander un transfert intercellulaire d'une fre- 

quence actuelle a une nouvelle frequence dans 
un appel en cours ; CARACTERISE EN CE 
QUE 

ladite metrique de declencheur est generee en 
30 fonction d'une mesure de signal sur bruit de 

transmission moyenne pour une pluralite de si- 
gnaux pilotes et une somme des mesures de 
signal sur bruits pour au moins un sous-ensem- 
ble de la pluralite de signaux pilotes. 

35 

2. Procede selon la revendication 1 dans lequel la me- 
trique de declencheur est generee comme la diffe- 
rence entre une mesure de signal sur bruit de trans- 
mission moyenne pour la pluralite de signaux pilotes 

*o et une somme lineaire de mesures de signal sur bruit 
pilote pour la pluralite de signaux pilotes. 

3. Procede selon la revendication 1 dans lequel les me- 
sures de signal sur bruit sont generees dans la sta- 

45 tion mobile (12) et comprises dans des messages 
transmis depuis la station mobile. 

4. Procede selon la revendication 3 dans lequel le sys- 
teme est un systeme CDMA IS-95 et les messages 

so transmis depuis la station mobile (12) comprennent 
au moins un parmi un message de signalement de 
mesure de puissance (PMRM) et un message de 
mesure d'intensite pilote (PSMM). 

55 5. Procede selon la revendication 1 dans lequel la m6- 
trique de declencheur est configuree de facon a dis- 
tinguer des limites de cellules de m£me frequence 
de limites de cellules d'autres frequences. 
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6. Appareil pour une utilisation dans la commande de 
transferts intercellulaires de frequence dans un sys- 
teme de communication sans fil (1 0) dans lequel une 
station mobile (12) communique avec une ou plu- 
sieurs stations de base (BS1 , BS2, BS3, BS4), I'ap- 5 
pareil comprenant : 

un processeur (36) pour generer une metrique 
de declencheur ; et 

une memoire (38) pour stocker au moins tern- 10 
porairement une representation de la metrique 
de declencheur, de telle sorte que la metrique 
de declencheur est utilisee pour commander un 
transfert intercellulaire d'une frequence actuelle 
a une nouvelle frequence dans un appel en 15 
cours dans le systeme ; C ARACTERISE EN CE 
QUE 

ledit processeur est apte a generer la metrique 
de declencheur en fonction d'une mesure de si- 
gnal sur bruit de transmission moyenne pour 20 
une pluralite de signaux pilotes et une somme 
des mesures de signal sur bruit pour au moins 
un sous-ensemble de la pluralite de signaux pi- 
lotes. 

25 

7. Appareil selon la revendication 6 dans lequel la me- 
trique de declencheur est generee comme la diffe- 
rence entre une mesure de signal sur bruit de trans- 
mission moyenne pour la pluralite de signaux pilotes 

et une somme lineaire de mesures de signal pilote 30 
sur bruit pour la pluralite de signaux pilotes. 

8. Appareil selon la revendication 6 dans lequel les me- 
sures de signal sur bruit sont generees dans la sta- 
tion mobile (12) et comprises dans des messages 35 
transmis depuis la station mobile. 

9. Appareil selon la revendication 8 dans lequel le sys- 
teme est un systeme CDMA IS-95 et les messages 
transmis depuis la station mobile (1 2) comprennent *o 
au moins un parmi un message de signalement de 
mesure de puissance (PMRM) et un message de 
mesure d'intensite pilote (PSMM). 

10. Appareil selon la revendication 6 dans lequel la me- 
trique de declencheur est configuree de facon a dis- 
tinguer des limites de cellules de meme frequence 
de limites de cellules d'autres frequences. 
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FIG. 3 A 
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FIG. 3B 
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